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ABSTRACT 
This report consists of three parts. Part I involved the 
synthesis and evaluation of some polymer supported homogeneous 
oxidation catalysts - specifically, the synthesis of polystyrene 
2(bis-salicylaldehyde) 2-methyl propylene-1 ,3-diiminato cobalt (II) 
and polystyrene 2(bis-2,4-pentanedione) 2-methyl propylene-1,3-
diiminato cobalt (II). Part II involved the synthesis of both 
soluble and insoluble phase transfer catalysts designed to catalyze 
nucleophilic substitution reactions. Trisite quaternary phosphonium 
and disite quaternary phosphonium salts were prepared. Part III 
involved the synthesis of several potential herbicides. 
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PART I 
SYNTHESIS AND EVALUATION OF POLYMER 
SUPPORTED HOMOGENEOUS OXIDATION CATALYSTS 
INTRODUCTION 
Recently several insoluble polymer supported homogeneous 
oxidation catalysts have been synthesized and tested. 1' 2' 3 These 
oxidation catalysts are the cobalt (II) Schiff base complexes (I-1), 
(I-2), and (I-3) shown in Figure I. 
H,CJ9J 
II 
CHz-N ,0-
/ " / 
P CH-C-R c" ' ++ 
2 \ : ~ 
CH~J~ 
(J-1), R=H 
(I-2), R=CH 3 
(I-3), R=CH 3 
(V represents an insoluble polymer support of microporous 
polystyrene crosslinked with divinyl benzene 
Figure I. Proposed catalytic cobalt (II) Schiff base complexes. 
2 
A similar catalyst (I-4) constructed with multidentate amines to 
obtain chelating ligands for cobalt (II), Copper (II), and Iron (II) 
has also been synthesized by Drago et al 4 as shown in Figure II. 
Figure II. Si milar cobalt (II) Schiff base complexes. 
These and similar catalysts have been made in an attempt to 
model the catalytic activity of oxygenases, using transition metal 
complexes with similar molecular oxygen binding properties. 2' 3 
These catalysts have advantages over standard heterogeneous systems 
which include higher selectivity, greater reproducibility, and more 
efficient utilization of expensive metals. 4 The practical and 
economic benefits of using molecular oxygen in synthetic oxidations 
make a catalyst system of this nature desirable. However, mechanis-
tic studies conducted with transition metal complexes indicate that 
oxygen activation occurs by way of a monomeric metal-oxygen adduct 
(~2 ) and that the limiting factor in increasing the availability 
and efficiency of transition metal complexes capable of activating 
3 
molecular oxygen is in the preparation of this adduct. 7- 14 That is, 
a major difficulty encountered is the conversion of the active 
monomeric adduct (M--02) into oxidation inactive µ-oxo dimers (M--0-M) 
or µ-peroxo bridged species (M-0--0-M). By isolating the catalytic 
sites through covalently attaching them to an insoluble matrix, the 
retention of the active monomeric adduct might be accomplished. 
The purpose of the present study was to synthesize and test 
a number of catalysts such as (I-1), (I-2), and (I-3). Several 
synthetic schemes were examined in order to determine the route 
which provided catalysts with the greatest number of active catalytic 
sites. A diamine (Figure III) proved to be a key intermediate in 
all schemes. 
(I-6) R = H, polystyrene diamine 
(I-9) R = CH 3, polystyrene methyl diamine 
Figure III. Polymer-bound intermediate diamine. 
Previously reported research conducted on catalyst (I-1) indicates 
that potential catalytic sites are eliminated when the intermediate 
3 diamine is synthesized by Scheme I-A. 
4 
a) 
(I-5) 
b) (I - 5) THF 
(I-6) 
Scheme I-A. Scheme previously used to synthesize diamine intermediate. 
The problem arises in step a) of Scheme I-A where disubstitution 
can occur by further reaction at the remaining methylene proton of 
the malononitrile . The resulting coupled sites would constitute a 
crosslinking or interlinking of the polymer support (Figure IV) and 
subsequent elimination of two catalytic sites. 5 
CN 
I ®-c H2-C-CHc® 
I 
CN 
Figure IV. Disubstituted polystyrene malononitrile. 
5 
To avoid the disubstitution problem, two synthetic modifications 
were attempted. In the first modification, the chloromethyl func-
tional sites on the starting polymer support were converted to the 
more reactive iodomethyl functionality, and reaction conditions for 
this conversion were optimized. The reaction sequence of Scheme I-A 
was also completed in this study. However, the iodomethylated 
polymer backbone was used as starting material in order to determine 
if the malononitrile alkylation route is feasible. For the second 
modification, one of the methylene protons of malononitrile was re- · 
placed with a methyl group by one of two proposed routes. This 
eliminates the possibility of disubstitution entirely. 
The starting polymer supports throughout these studies are 
chloromethylated polystyrene crosslinked with divinylbenzene (DVB) 
purchased from Bio-Rad Laboratories, designated Bio Beads S-Xl, 
200-400 mesh. Two degrees of chloromethyl loading were used. The 
more substituted contained 4.03 milliequivalents (meq) of chlorine 
per gram of polymer and the lesser contained l .33 meq/Cl g. As 
mentioned earlier, crosslinking of the polymer support can be 
minimized if the chloromethylated substitution sites are first 
converted to iodomethyl groups. Three methods used to accomplish 
this conversion are shown in Scheme I-B. Reaction a) was previously 
used by Idoux et al; 1 reaction b) was used by Drago et al. 6 and 
reaction c) is a variation of method (a). Infrared spectra and 
elemental analysis were used to determine the degree of substitution. 
-1 In the IR spectra, the carbon-chlorine absorption band at 1260 cm 
should be replaced by the carbon-iodine band at 1150 cm-l. 
6 
a) ®-cHrCI Kl toluene-acetone ®-cH2I + KCI + 
(I-7) 
b) ®-cHrCI + Nal acetone-dioxane ®-cH2I /j, + NaCl 
(I-7) 
c) ®-cH 2-CI + Kl THF- acetone ®-cHrl KCI /j, + ( I-7) 
Scheme I-B. Conversion to iodomethyl group. 
Starting with the iodomethylated polymer support (I-7), the 
reaction sequence of Scheme I-A was compl eted through to the 
diamine intermediate (I-6) . Further reaction with 5-bromosalicyl-
aldehyde followed by cobalt (II) acetate tetrahydrate produced 
catalyst (I-8) as shown in Scheme I-C. The degree of substitution 
or disubstitution in this and other similar schemes was monitored 
by elemental analysis for iodine, nitrogen, or bromine; and by 
infrared spectral examination. The elemental analysis provides an 
indication of the number of catalytic sites, and testing the 
catalysts in oxidation reactions using molecular oxygen provides 
an indication of their activity. Synthesis of catalyst (I-8) 
establishes a standard by which to judge subsequent synthetic 
schemes and catalysts. 
CN 
a) ®-cH2I + CH2(CN) 2 ---+- @-cH~-H I 
CN 
CN BHa-THF/THF ... CH2NH2 
b) ®-CH-t-H 6 ®-cH~-H 2 I 
c) (1 - 6) 
d) step c 
product 
I CN CH2NH2 
(I-6) 
Br 
B~ H,C,,© 0 II II I 2 -H CH-N OH I 2 
H ti. ®-CH2-C~ 
6 \ CH~-~~ 
Br 
Br 
H,C~ 
II CH-N -2 I 
(cH,C02)2Co· HzO. NaOH .. ®-cH-c'-H 'c~++ 
DMF, N2 , 6_ 2 \ / \ 
CH;-~~ H,,c 0 
(I-8) 
Br 
Scheme I-C. Synthesis of polystyrene 2(bis-5-bromosalicyaldehyde) 
propylene-1,3-diiminato cobalt (II). 
7 
8 
The second synthetic modification involves two different 
syn thet i c routes that were attempted in order to obtain the poly-
styrene me thyl diamine shown in Figure I. Methyl malonamide was 
used as starting material for both routes and is prepared as shown 
in Equation [l ] .15 
Me OH 
NaOMe CH 3-tH ( CONH2) 2 [ 1] 
In the first route , me t hyl malonamide was used directly in the alkyl-
ation of the i odome t hylated polymer support. The resulting polymer-
bound ami de could then be reduced to the intermediate diamine (I-9) 
as shown in Scheme I-0. El eme nta l analysis for nitroqen on the 
product in step a) i ndicated a low degree of alkylation. Subsequently, 
the first synthetic route to the po lystyrene methyl diamine 
intermediate was abandoned in fa vor of the second route. 
CONH2 
NaH, DMSO _ ®-cH-t-CH 
2 I 3 
CONH 2 
CHrNH2 I ®-CH-C-CH 2 I 3 
CHrNH2 
(I-9) 
Scheme I-D. First synthetic route to the intermediate methyl diamine. 
9 
The second route involves dehydration of methyl malonamide to 
methyl malononitri1e using phosphorous pentoxide. 16 The alkylation 
step can then be accomplished followed by reduction of the nitrile 
to the diamine as shown in Scheme I-E. 
a) 
CN 
c) ®-CH-t-CH 2 I 3 
CN 
(I-9) 
Scheme I-E. Second synthetic route to the intermediate methyl 
di amine. 
The intermediate polymer-bound methyl diamine (I-9), synthesized 
as shown in Scheme I-E, was then used for the synthesis of catalyst 
(I-2) [polystyrene 2(bis-salicylaldehyde) 2-methyl propylene-1,3-
diiminato cobalt {II)] and catalyst (I7'3)[polystyrene 2(bis-2,4-
pentanedione) 2-methylpropylene-1,3-diiminato cobalt II)]. The 
10 
reaction sequences are shown in Scheme I-F and equation [2] 
respectively. In Scheme I-F the intermediate methyl diamine is 
reacted with salicylaldehyde to form the Schiff base (I-10). Poly-
styrene 2(bis-salicyaldehyde) 2-methyl propylene-1,3-diimanito 
cobalt (II) acetate tetrahydrate. In equation [2] polystyrene 
2(bis-2,4-pentanedione) 2-methyl propylene-1,3-diiminato cobalt (II) 
is pre pared directly by the reaction of the diamine intermediate 
(I-9) with cobalt (II) 2,4-pentanedionate. 
a) 
0 H ~ II 'c 
C-H II 
2 CH -N OH I 2 
_____ H _ _,,~ (B -CH;<H3 
benzene, b,_ CH2~g~ 
(r-10t lQJ 
b) (I -1 0) 
Scheme I-F. Synthesis of polystyrene 2(bis-salicylaldehyde) 
2-methyl propylene-1,3-diiminato cobalt (II). 
1CH2 
®-cHrC-CH 3 
\CH2 
2 Co(C2H1 OJ2 _. . 
benzene, N2, ~ 
11 
The three insoluble polymer-bound catalysts synthesized (I-8), (I-2), 
and (I-3) were then tested for catalytic activity using molecular 
oxygen as the oxidant and 2,6-dimethyl phenol or 2,3-dimethyl indole 
as substrates. The expected products in the test reactions are 
shown in equations [3) and [4) respectively. The general procedure 
is outlined in the experimental section, and test results are 
tabulated in the results section. 
catalyst/solvent 
©C-CH3 
N 
I 
H 
catalyst/solvent 
A' 0'90 
(I-11) CH3 
0 
II 
r8YC'"CH3 
~N,,.C'-CH I II 3 
H 0 
(I-12) 
[ 3] 
[4) 
12 
The indole oxidation was conducted in the presence and absence 
of light in order to indicate the effect of light on the reaction 
kinetics. In the phenol oxidations, catalytic amounts of pyridine 
were added to the reaction system. The pyridine acts as a coordi-
nating Lewis base providing an axial donor ligand and allowing the 
catalytic complex to react reversibly with oxygen. Figure V shows 
the resulting oxygen-catalyst-pyridine complex with catalyst (I-3) 
as an examp le. The molecular oxygen binding nature and activity 
of si mil ar catalyst/solvent systems is reviewed in the literature. 9,17 · 
Figure V. Oxidative catalyst-pyridine complex. 
PART I 
EXPERIMENTAL 
Reactions of Scheme I-8 
a) Conversion to iodomethylated polymer, Kl/toluene or THF/acetone. 
In a 250 ml RBF equipped with reflux condenser/CaC1 2 moisture 
trap and magnetic stirrer, the chloromethylated polymer in 50 ml of 
toluene (THF was used in two runs) was reacted with excess potassium 
iodide suspended in 75 ml of acetone. The mixture was refluxed 
while stirring for various lengths of time from 61 to 280 hr. The 
polymer was then collected on a coarse fritted glass filter, washed 
with 40 ml of 100% ethanol and 500 ml of water and dried in a heated 
vacuum desiccator at 7o 0c for 24 hr. Infrared analysis indicated 
that the C-Cl stretching band at 1260 cm-l was replaced by the C-1 
band at 1150 cm-l. Table l in the results and discussion section 
contain elemental analysis and degree of substitution data on all 
conversion reactions. 
b) Conversion to iodomethylated polymer, NaI/dioxane-acetone. 
In a 250 ml RBF equipped with reflux condenser/CaC1 2 moisture 
trap and magnetic stirrer, the chloromethylated polymer in 50 ml of 
dioxane-acetone mixture (1:3 v/v) was reacted with excess sodium 
iodide suspended in 75 ml of the dioxane-acetone mixture. While 
stirring, the mixture was heated at reflux for 56 to 185 hr. The 
polymer was collected on a fritted glass filter, washed with 200 ml 
13 
14 
of dry acetone, extracted with dry acetone in a Soxhlet extractor 
for 24 hr, and dried in a heated vacuum desiccator. Elemental 
analysis and ir were used to determine the degree of substitution. 
Reactions of Scheme I-C 
a) Synthesis of the polystyrene malononitrile. 
In a 250 ml RBF equipped with reflux condenser/CaC1 2 moisture 
trap attached, 2.53 g of polymer iodide was diluted with 75 ml of 
dry DMSO solvent. In a 125 ml Erlenmeyer flask, 7.69 g of malo-
nonitrile (20-fold excess) in 75 ml of dry THF was reacted with 
0.5 g of NaH (3-fold excess) by heating and stirring for one hr at 
reflux~ This mixture was then cooled and added to the polymer-
containing RBF through a dropping funnel. After the addition was 
completed, the reaction mixture was heated to 45°c for 48 hr. The 
polymer was collected on a medium fritted glass filter and washed 
with 300 ml cold H2o, 100 ml 95% ethanol, 100 ml benzene, and 100 ml 
methanol followed by extraction with 100% ethanol for 24 hr in a 
Soxhlet extractor. The extracted polymer was dried at 60°C over-
night in a heated vacuum desiccator. An ir was taken and elemental 
analysis performed for nitrogen and iodine. The appearance of the 
nitrile peak at 2200 cm-l was evident in the ir. Elemental analysis 
gave 6.61 % nitrogen and only trace amounts of iodine. The percent 
substitution was calculated to be 80% using the theoretical weight 
percent nitrogen as a gauge. 
b) Reduction of the polystyrene malononitrile to the diamine. 
All steps in the following reaction up to the reflux were 
15 
conducted under nitrogen. In a 250 ml RBF fitted with reflux con-
denser and drying tube, 1 .9 g of the polymer malononitrile in 50 ml 
of THF and 30 ml of (lM) BH3·THF were reacted with stirring for 76 
hr at low reflux (67°C). The polymer was collected over a medium 
fritted glass filter, washed with 300 ml H2o, 100 ml methanol, 100 ml 
H2o, 200 ml of 5% HCl solution, 200 ml of 5% NaHC0 3 solution, and 
300 ml of H2o. Drying was accomplished in a heated vacuum desiccator 
at 65°c for 5 days. In the ir spectrum, absence of the nitrile peak 
-1 
at 2200 cm was apparent. 
c) Reaction of the polymer-bound diamine with 5-bromosalicyladehyde. 
In a 250 ml RBF equipped with a Dean-Stark trap and a reflux 
condenser, 1 .73 g of polymer and 6.1 g of 5-bromosalicylaldehyde in 
100 ml of benzene were reacted at reflux for 160 hr. The polymer 
was collected on a medium fritted glass filter, washed with 200 ml 
ethanol and extracted 24 hr in ethanol. Drying was accomplished 
in a heated vacuum desiccator at 65°c for two days. In the ir 
h b 1 -1 h . spectrum, t e C= N a sorption at 630 cm and t e C-0 absorption 
at 1280 cm-l were evident. Elemental analysis was 24.39% for 
bromine and 3.23% for nitrogen. 
d) Formation of the cobalt (II) complex-catalyst (I-8). 
In a 100 ml RBF equipped with reflux condenser/CaC1 2 moisture 
trap, 1.0 g of polymer Schiff base in 300 ml of dry toluene was 
flushed with nitrogen gas for 15 min while stirring. In a 25 ml 
RBf, 0.4 g of cobalt (II) acetate tetrahydrate in 8 ml of DMF was 
combined with one pellet of NaOH in 1 ml of water. This mixture 
16 
was also flushed with nitrogen for 15 min. A 10 ml syringe was 
used to transfer the cobalt (II) acetate/DMF/H20 solution into the 
polymer/toluene containing reaction flask. The mixture was reacted 
with 2.25 hr at so0c under a blanket of nitrogen. The reaction mix-
ture was allowed to come to room temperature, and the polymer was 
collected on a coarse fritted glass filter under a blanket of nitro-
gen. The polymer was then washed with 100 ml of toluene and 50 ml 
of 100% ethanol. The washed polymer was dried overnight at 60°c 
in a vacuum desiccator. 
Reaction of Equation [l]. Synthesis of methyl malonamide. 
In a 500 ml Erlenmeyer flask, 0.23 g of metallic sodium was 
dissolved in 200 ml of dry methanol. The solution was cooled to 
o0c in an ice bath and then saturated with gaseous arrrnonia. To the 
saturated solution, 20 g of diethyl methylmalonate in 100 ml of 
dry methanol was added in one portion. The reaction mixture was 
stoppered, sealed, and allowed to react overnight at room tempera-
ture. White crystals fanned which were collected on a medium 
fritted glass filter and dried overnight at 6o0c in a heated vacuum 
desiccator. The yield was 85% of a white crystalline solid with 
a melting range of 207-209°c (literature 206°c). 
NMR (d6 DMSO/CDC1 3) 6 1.21 (d, J=7Hz, 3H), 3.14 {q, J=7Hz, lH), 
7.03 {s, 2H); IR (KBr pellet) 3250, 2810, 1740, 1300, 1140, 1030, 
870, and 810 cm- 1. 
17 
Reactions of Scneme I-D. 
a) Synthesis of polystyrene methyl malonamide. 
A 250 RBF equipped with a reflux condenser/CaC1 2 moisture trap 
and thermometer was charged with 5.0 g of polymer iodide (4.22 
meq/g initial loading) in 75 ml of dry DMSO. In a 250 Erlenmeyer 
flask, 2.45 g of methyl malonamide in 50 ml of dry DMSO were slowly 
added to a stirred mixture of 1 .0 g NaH in 50 ml of dry DMSO. Gas 
evolution was noted. The mixture was then stirred for two hr at 
room temperature followed by 0.5 hr stirring at 8o0c. The contents 
of the Erlenmeyer flask were then added slowly from a dropping 
funnel to the polymer and the resulting reaction mixture was 
heated for three days at 45°c. After cooling to room temperature, 
the polymer was collected on a fritted glass filter and washed 
with 100 ml of H20, 100 ml of methanol, 150 ml of H2o, and 100 ml 
of methano l. The washed polymer product was dried overnight at 
6o0 c in a heated vacuum desiccator. The ir spectrum showed the 
appearance of both the broad N~ absorption at 3360 cm-l and the 
C=O at 1670 cm- 1. However, elemental analysis gave 3.96% nitrogen 
compared to 8.85% for a theoretical 100% conversion. Therefore, 
the actual conversion was only 45%. 
b) Reduction of the polystyrene methyl malonamide to the 
intermediate methyl diamine was not completed due to the poor 
alkylation results of step a). 
water return 
-- oi 1 bath trap 
18 
r--'-----~ 
vacuum 
pump 
trap 
Figure VI. Reaction set-up for synthesis of methyl malononitrile. 
19 
Reactions of Scheme I-E. Synthesis of polystyrene methyl diamine 
Tntermediate by the second proposed route. 
a) Dehydration of methyl malonamide to methyl malononitrile. 
Under a blanket of nitrogen a combination of 17.48 g of methyl 
malonamide (0.145 mol) and 43.0 g of phosphorus pentoxide (excess) 
were ground into a fine powdered mixture and placed in a 250 ml 
RBF. The RBF was then connected to the reaction system shown in 
Figure VI to provide for recovery of the product mixture. The 
reaction flask was heated to 220°c in an oil bath while a vacuum 
of approximately 3 mm Hg was maintained on the system. As the 
reaction proceeded, product distilled out of the reaction flask and 
was collected in the distillation condensers. The crude product 
was purified by sublimation yielding a white solid/semi-solid at 
room temperature. NMR: (CDC1 3) o l .75 (d, J=7Hz, 3H), o 3.8 
(q, J=7Hz, lH). Yield was 60%. 
b) Synthesis of polystyrene methyl malononitrile. 
To a 250 ml. RBF equipped with a reflux condenser/CaC1 2 moisture 
trap and thermometer was added 5.0 g of polymer iodide (4.06 meq/q 
initial loading) suspended in 75 ml of dry DMSO. In a 125 ml 
Erlenmeyer flask, 0.5 g of NaH was suspended in 70 ml of DMSO sol-
vent. To the NaH mixture, 1.05 g of methyl malononitrile in 20 ml 
of DMSO was added slowly through a dropping funnel while stirring. 
Hydrogen gas was evolved. After 10 min of stirring at room tempera-
ture, the Erlenmeyer flask was heated to 60°c for one hr. The con-
tents of the flask were then filtered through a coarse fritted 
glass filter and cooled to room temperature. The methyl 
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malononitrile (carbanion)/DMSO solution was added slowly to the 
polymer/DMSO suspension. The reaction mixture was stirred at 85°c 
for 20 hr. After cooling, the polymer-bound nitrile was collected 
on a coarse fritted glass filter. The polymer was washed with 100 
ml of 95% ethanol, 200 ml of H2o, and 100 ml of 100% ethanol and 
dried in a heated vacuum desiccator at 6o0c. The ir indicated the 
appearance of a weak C = N absorption at 2260 cm - l El ementa 1 
analysis gave 8.01 % nitrogen compared to the expected theoretical 
8.38% nitrogen, for a calculated 95% conversion. 
c) Reduction of the polymer-bound dinitrile to the intermediate 
methyl di amine. 
To a 250 ml RBF equipped with a reflux condenser/CaC1 2 moisture 
trap was added 3.3 g of the polymer nitrile in 80 ml of dry THF. 
The system was flushed with nitrogen, 80 ml of (lM) BH3·THF were 
added slowly with a syringe and the reaction mixture was stirred 
at reflux for 140 hr. The cooled reaction solution was quenched 
with 25 ml of methanol followed by the addition of 25 ml of a 10% 
HCl solution. Gas evolution was noted during the addition; however, 
the temperature remained at 28°c. The polymer-bound diamine was 
collected on a coarse fritted glass filter and washed with 200 ml 
of H20, 200 ml of 5% HCl (gas evolution noted), 50 ml of H20, 
200 ml of 5% NaHC0 3, 100 ml of H2o, and 50 ml of dry THF. The 
washed polymer was extracted with THF in a Soxhlet extraction 
apparatus for 48 hr. The ir (KBr pellet) showed the appearance 
of an N-H absorption at 3320 cm- 1 and the disappearance of the 
C =N absorption at 2200 cm - l. 
Reactions of Scheme 
a) Formation of the salicylaldehyde Schiff base from the methyl 
diamine intermediate (starting diamine is product of Scheme I-0). 
21 
1-
The following reaction was conducted under a blanket of nitrogen. 
In a 250 ml RBF equipped with a Dean-Stark trap and reflux condenser/ 
CaC1 2 moisture trap, 10.0 g of salicylaldehyde in 120 ml of dry 
benzene were mixed with 1 .0 g of the polystyrene methyl di amine (9). 
The mixture was refluxed for 24 hr with stirring by magnetic stirrer. 
After cooling to room temperature, the reacted polymer was collected 
on a coarse fritted glass filter, washed with 100 ml of methylene 
chloride, 100 ml of 95% ethanol, 50 ml of methylene chloride, and 
50 ml of 95% ethanol and dried in a heated vacuum desiccator at 
60°C for 24 hr. The ir (KBr pellet) indicated the appearance of 
the N-H stretch at 3320 cm - l and the appearance of the C= N stretch 
at 1650 cm-l. 
b) Formation of the cobalt (II) complex- catalysts (I-2). 
The following reaction was conducted under a blanket of nitrogen. 
In a 100 ml RBF equipped with a reflux condenser/CaC1 2 moisture trap, 
a mixture of 1 .O g of the polymer-bound Schiff base and 0.5 g of 
cobalt (II) acetate tetrahydrate in 30 ml of dry toluene was flushed 
with nitrogen for 15 min followed by heating and stirring at ao0c 
for 4 hr. After cooling to room temperature, the reaction mixture 
was stirred an additional 20 hr. The polymer was collected on a 
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fritted glass filter, washed with 50 ml of methylene chloride, 50 ml 
of toluene, 50 ml of 95% ethanol, and 50 ml of methylene chloride 
and dried in a heated vacuum desiccator for 24 hr. The ir showed a 
shift in the Schiff C=N absorption from 1625 to 1600 cm-l indicat-
ing the complexation of the cobalt. 
pentanedione)propylene-1,3-diiminato 
The following reaction was conducted under a blanket of nitrogen. 
In a 100 ml RBF equipped with a Dean-Stark trap and reflux condenser, 
a mixture of 1. 3 g of the polystyrene methyl diamine (I-9) and 1.65 g 
of cobalt (II) 2,4-pentanedionate in 40 ml of dry benzene was flushed 
with nitrogen for 15 min while stirring, cooled to room temperature 
and stirred overnight. After co 11 ecti ng the po 1 ymer on a fri tted 
glass filter, it was washed with 50 ml of 95% ethanol, 50 ml of 
toluene, 50 ml of methylene chloride, and 50 ml of DMF and dried in 
a heated vacuum desiccator at 6o0 c. The ir indicated the formation 
of the Schiff base complex. 
Oxidative test reactions (Eq. [3]-[4]. General procedure for the 
oxidation of 2,6-dimethyl phenol and 2~3-dimethyl indole. 
The catalyst to be tested was added to a solution of the substrate 
(2,6-dimethyl phenol or 2,3-dimethyl indole) in an appropriate 
solvent (see Table 2). An approximate 10:1 molar ratio of substrate 
to cobalt complex was used. The mixture was stirred at room temp-
erature in a 2-neck RBF adapted to a gas burette under an atmosphere 
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of oxygen (a pressure of one atmosphere was maintained). After the 
reaction was comp l eted, the in so lubl e polymer-bound catalyst was 
removed by filtration. The solven t was removed by vacuum distilla-
tion, and if needed , the product mix t ure was separated by chroma-
tography on a silica gel column. The ox idation products were 
characterized by comparison with those described in the literature :2)6 
Test results are tabulated in the di scussion section. Control 
experiments were conducted by repeating t he conditions above without 
the catalyst present. 
PART I 
RESULTS 
The investigation and optimization of synthetic methods for 
obtaining active oxidative catalysts {I-1), (I-2), and (I-3) was 
completed by concentrating on routes to the key intermediate 
diamines (I - 6) and (I -9 ) shown in Figure I. First, an optimization 
was conducted on conversion of the chloromethylated polymer support 
to the iodornethylated functionality. Table 1 lists the results of 
the reactions outlined in Scheme I-B with the KI/toluene/acetone 
system run at 56°C . 
Table l 
Experimental data for the conversion to iodomethylated polymer 
Starting 
polymer 
(meq. Cl/g) 
4.06 
4.06 
.4.06 
4.06 
l. 33 
4.22 
1. 33 
4.22 
4.22 
4.22 
4.06 
Elemental analysis 
%I % Cl 
30.05 7.37 
29.69 7. .43 
31.39 12.49 
29.48 
9.93 
30.71 
23.34 
33.99 
33.19 
23.62 
36 .50 
Degree* of Conditions 
substitution 
80.0% KI/PhMe/acetone 
79 • 0% II II II 
83.6% II II II 
79 • 6% II II II 
66 .0% II II II 
81.8% KI/THF/acetone 
155 • 0%** II II II 
90.6% Nal/dioxane/acetone 
85 .9% II II II 
61.1 % II II II 
9 7 • 3% II II II 
*Results based on theoretical % iodine possible when all the 
original Meg. Cl/g polymer were replaced. 
**Non-bonded iodine still present in polymer. 
24 
Hr 
61.0 
64.5 
158.0 
280.0 
195.0 
120.0 
96.0 
56.0 
96.0 
185 .0 
96.5 
React i on t imes beyond the lowes t (61 hr) have no influence on the 
degree of substi tut i on. The opt imum reaction system was the Nal/ 
dioxane/acetone yielding up to 97. 3% substitution. 
Secondly, the two intermedi ate di amines ( I-6) and (I-9) were 
synthesized from the iodomethylated polymer ( I-7). The route to 
the diamine intermediate (I -6), shown i n Scheme I-C (step a), was 
continued through to catalyst (I - 8) with 75% f unctionalization of 
the catalytic sites based on elemental analysis fo r ni trogen. 
This synthesis is identical to those previousl y conducted from the 
original chloromethylated polymer with s imi la r l oadi ng. However, 
the synthesis conducted with the chloromethylated polymer starting 
material only produced an average of 29% fun ct ionalization. As 
outlined in the introduction to Part I, the problem encountered 
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is in the alkylation of the polymer support wi t h malononitrile. 
Step a) of Scheme I-A can result in disubstitut ion at the methylene 
proton. The conversion to iodomethyl function al i ty before alkyla-
tion of the polymer backbone shows a con si derable improvement over 
the chloromethyl functiona1ized polymer. 
Methyl diamine (I-9) was approached by two synthetic schemes, 
(r-o· and I-E). In Scheme I-D, the alkyla t ion of the polymer support 
with methyl malonamide (step a) gave poor results with an average 
conversion of only 36%. However, t he al kylation step of Scheme 
I-E produced an average conve rsion of 95% using methyl malononitrile 
di rect ly. Scheme I- 0 was subsequently abandoned in favor of Scheme 
I-E to produce the desired methyl diamine intermediate (I-9). 
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With the diamine intermediate (I-9) as starting material, the 
reactions of Scheme I-F and Equation [2] were easily completed pro-
ducing catalysts (I-2) and (I-3) respectively. The activities of 
these catalysts were then tested in the oxidation reactions shown 
in Equations [3] and [4]. Test results for catalysts (I-2) and 
(I-3) are given in Table 2. 
The activity of catalyst (I-2) can be compared with that of the 
same catalyst previously synthesized from the chloromethylated 
polymer starting material by an alternate synthetic route. The pre-
vious catalyst produced only slight amounts of oxidation products 
when tested in oxidation reactions with another substrate (3-methyl-
indole), and under similar reaction conditions. 3 
Catalyst (I-2) is active in oxidizing 2,3-dimethylindole indicat-
ing that the optimization improvements in the catalysts synthesis have 
produced a more active catalyst. The 2,3-dimethylindolenyl hyperoxide 
(I-13) secondary product in this reaction is actually an intermediate 
in the oxidation reaction. Oxidation of the indole with catalysts 
(I-2) was run with and without the presence of light. Light increases 
the formation of (I-13) which then decomposes to the major keto-amide 
(I-12) product. In the absence of light, the reaction is slowed but 
the products formed are in the same proportions. 
Both catalysts (l-2) and (I-3) oxidize 2,3-dimethylphenol to 
2,6-dimethyl-p-benzoquinone (I-11). However, catalyst (I-3) was 
more active in this oxidation, yielding the same results with either 
toluene/pyridine or acetonitrile as the solvent. All test reactions 
were repeated without catalyst present and, in all cases, yielded 
only starting material. 
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PART I 
RECOMMENDATIONS 
The critical step in all the oxidative catalysts synthesized was 
the alkylation of the polymer support. The loss of the catalytic 
sites occurs in this step. However, in this study, the diamine inter-
mediate (I-9) was synthesized with 95% conversion of the possible 
chloromethyl sites to diamine stage. The synthetic method using 
methyl malononitrile eliminated the possibility of cross-linking 
which plagued the previous synthetic schemes. 
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INTRODUCTION 
PART II 
SYNrnESES AND EVALUATION OF POLYMER SUPPORTED 
MULTI-SITE PHASE TRANSFER CATALYSTS 
Many organic reactions involving an organic/aqueous two-phase 
system are accomplished by employing phase transfer catalysts 
(PTC 1 s). Initially most PTC 1 s were soluble quaternary ammonium 
or phosphonium salts. Recently a new type of PTC has been intro-
duced in which the onium salt is attached to an insoluble polymer 
support; consequently, the reaction system becomes tri-phase with 
solid catalyst, liquid organic, and liquid aqueous phases. The 
advantage of a triphase PTC over its soluble counterpart centers 
on complete catalyst recovery by filtration, simplified product 
work-up, and improved product purity. However, in many cases the 
insoluble triphase catalyst exhibits lower catalytic activity 
relative to its soluble analog. 
A number of studies have been conducted on polymer-bound 
quaternary phosphonium PTC's of the monopendent form: 
where ®- represents a polymer support of mi croporous polystyrene 
crosslinked with divinyl benzene, and where n=l,2,3,6. Tundo19 
synthesized and tested the system where n=6. Reeves, et al. 20 
synthesized and tested the system where n=l,2, and 3. Reeves then 
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compared the most active of his series, n=3, with Tundo's n=6 system 
and other polymer-bound PTC systems of similar structure and 
demonstrated that the n=3 system was relatively active and compared 
favorably with soluble hexadecyltributylphosphonium bromide. Idoux 
et al . 21 have prepared and tested polymer-bound di-site quaternary 
salts similar to Reeves' n=3 system. These proved to be as, or more, 
active than similar quaternary salts and could be recycled through 
five reaction runs without any loss of activity. 
In the present study, the soluble (II-2) and insoluble (II-1) 
tri-site phosphonium analogs (Figure VII) of the Idoux/Reeves/Tundo 
type catalysts have been synthesized and tested. The polymer support 
resin of microporous polystyrene crosslinked with divinyl benzene 
(200-400 mesh) is the same as that used in Part I and is represented 
by ® · 
@ -cH2-C ~H2--P 1-( n-Bu) 3Br J 3 
(II-1) 
@-cH2-C tH 2--P+ (n-ilu) 3Br J 3 
(II-2) 
Figure VII. Tripendent phosphonium phase transfer catalysts. 
Reaction Schemes II-A and II-B were completed to synthesize 
the desired tripendent quaternary phosphonium salt phase transfer 
catalysts. 
a) 
b) 
c) 
d) 
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P -CH -C l + H-C(COOC H ) NaH, DMSO fP\ -cH C(COOC H ) 
2 253 fj \!J 2 253 
BH3 .THF ~--CH 2-C(COOC 2H5 ) 3 b. ... ® -cH2-C(CH 20H) 3 
..:£)-cH2-C(CH20H) 3 + PBr3 T~F ® -cH2-C(CH2Br) 3 
(E)-cH2C(CH2Br) 3 + 3 P-( n-Bu) 3 --.. (V-cH2-C(CHzP+Bu3Br-) 3 
(II-1) 
Scheme II-A . Synthesis of insoluble polymer-bound tripendent 
phosphonium PTC. 
a) 
b) 
c) 
d) 
@-cH2-Cl + H-C(COOC2H5)3 
Na @ --cH 2-C (COOC 2H5)3 
~H2-'C (CH20H ) 3 @-eH2-C(COOC 2H5)3 + LiAlH4 
@-eH2-C(CH20H) 3 + PBr3 
THF 
fj 
@-cH2-C(CH2Br) 3 + 3 P(n-Bu) 3 
fj 
THF 
fj 
@-cH2-C (CH2Br) 3 
---~H2C(CH 2P+Bu3Br-) 3 
(II-2) 
Scheme II-B. Synthesis of soluble tripendent phosphonium PTC. 
Two polymer-bound ammonium PTC syst ems were also synthesized 
(Figure VIII). Catalyst (II-3) i s an i nsoluble PTC and catalyst 
(II-5) is a soluble PTC. 
+ + 
CH2-N(CH2CH2CH2cH 3)3 Br- CH2~(CH2CH2CH 2CH 3 ) 3 Br-/ I 
(f)-CH2-C-€H3 ® -£H2-C-H 
\ \ -
CH2-N(CH2CH2CH 2cH3)3 Br- c~ 2-N(CH2CH 2CH 2CH 3 ) 3 Br + + 
(II- 3) (II-5) 
Fi gure VIII . Dipendent ammonium phase transfer catalysts. 
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P represents a soluble polymer support of me t hylated polystyrene. 
The reaction shown in Equation 5 was used to synthes i ze the dipendent 
quaternary ammonium PTC's. The insoluble po lymer support ® is the 
same methyl diamine intermediate (I-9) as in Part I . 
Br-
a) I-9, insoluble @)= ®and R=CH3 (II -3) 
b) II-4, soluble ®= ®and R=H ( II -5 ) 
The soluble polymer support ® is synthesized as shown in reaction 
Scheme II-C. The N,N-dicyclohexal-N-methylamine i s used to trap the 
HBr generated during the reaction and thus prevent the formation of 
an amine hydrobromide salt. 
The soluble polymer-supported diamine (II-~ ) was synthesized as 
shown in Scheme II-C. Step a) involves the free radical copoly-
merization of styrene with chloromethylated styrene1 while steps b), 
c), and d) are the same as those used in Part I where reaction 
conditions had been optimized. 
+ 
C=N 
d)®-CH,-9-H 
C=N 
KI PhMe / acetone 
BHj THF/THF 
C=N 
NaH , DMSO. ®-cH2--t--H 
6 b=N 
(II-4) 
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Scheme II-C. Synthesis of soluble polymer-bound diamine intermediate. 
35 
The catalytic activities of the four PTC catalyst systems were 
tested and compared to previously reported PTC catalysts using 
various nucleophiles and 1-bromobutane as substrate. Reaction 
conditions were similar to those used by Reeves et a1. 20 The 
appropriate nucleophile was generated in an aqueous solution, the 
organic substrate/PTC mixture was added to the reaction flask, and 
the mixture was stirred at ll0°c for various periods of time. 
Equation [6] outlines the two-phase reaction system. 
PTC 
PART II 
EXPERIMENTAL 
All reagents were obtained commercially and dried before use. 
The starting Merrifield polymer contained 4.06 meq cl/g and was 
purchased from BIO-RAD Laboratories designated biobeads S-Xl, 
200-400 mesh. Infrared spectra were recorded for all analogs 
using thin film for the soluble and KBr pellets or nujol mull 
for the insoluble. 
Reactions of Scheme II-A. Insoluble PTC. 
a) Reaction of triethyl methanetricarboxyl ate with chloromethylated 
polystyrene polymer. 
In a 250 ml Erlenmeyer flask, 30 ml of DMSO, 5.10 g of triethyl 
methanetricarboxylate, and 1.01 g of NaH (60% NaH in mineral oil) 
were heated to ao0c for 0.5 hr while stirring. A separate 250 ml 
single-neck RBF outfitted with thermometer, condenser, and magnetic 
stirrer was set up containing 5.26 g of chloromethylated polymer 
in 20 ml of DMSO . The contents of the Erlenmeyer flask were then 
added to the RBF and heated to ao0c with stirring for 4.5 hr. After 
cooling, 50 ml of petroleum ether were added with stirring to the 
reaction mixture, and the polymer was collected on a coarse fritted 
glass filter. The polymer was then washed with 100 ml ethanol 
followed by 300 ml of H20 and dried overnight at 60°c in a heated 
vacuum desiccator. The ir (KBr pellet) indicated the appearance 
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of C=O stretch at 1700 cm-l in contrast to the starting polymer 
infrared spectra. Elemental analysis indicated only trace amounts 
of chlorine. 
b) Reduction of polymer-bound tricarboxylate to the trialcohol. 
All steps in the following reaction were conducted under 
nitrogen. Polymer-bound tricarboxylate (6.9 g), 75 ml of THF, 
and 75 ml of (1 M) BH 3·THF were added to a 250 ml, single-neck 
RBF equipped with reflux condenser-drying tube, thermometer, 
magnetic stirrer and heated at reflux for 66 hr. Upon cooling, 
the excess BH 3 was reacted by adding 4.0 ml of methanol dropwise 
while stirring. The polymer was collected on a coarse fritted 
glass filter and washed with 150 ml of deionized H2o followed by 
150 ml of acetone. The washed polymer was dried overnight in 
a heated vacuum desiccator. The ir (KBr pellet) showed the 
appearance of the broad O-H peak at 3500 cm-l and the disappearance 
-1 
of the carbonyl peak at 1700 cm . 
c) Bromination of the polymer-bound trialcohol. 
In a 250 ml, single-neck RBF, equipped with a reflux condenser 
and magnetic stirrer, 5.2 g of polymer trialcohol, 150 ml of THF, 
and 20 ml of phosphorus tribromide were heated at reflux for 200 hr. 
After cooling to room temperature, the unreacted PBr3 was neutralized 
with 3.0 ml of methanol. The polymer was collected on a coarse 
fritted glass filter, washed with 200 ml of cold, deionized H20, 
200 ml of saturated NaHco 3 solution, and 300 ml of cold, deionized 
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H2o and dried overnight at 70°C in a heated vacuum desiccator. The 
ir (nujol mull and KBr pellet) indicated the loss of most of the 
0-H absorption in the 3200-3400 cm-l range. 
d) Conversion of the polymer-bound tribromide to the quaternary 
phosphonium salt . 
In a single -neck RBF equipped with a magnetic stirrer, 
thermometer, and reflux condenser-drying tube, 30 ml tri-n-butyl-
phosphine were combined with 7.6 g of polymer tribromide. The 
mi xture was stirred and heated at ao0c for 164 hr and then allowed 
to cool to room temperature. The polymer was collected on a coarse 
fritted glass filter, washed with 300 ml of ethylether, 300 ml of 
methylene chloride, 300 ml of methanol, and 150 ml of ethyl ether 
and dried for 48 hr in a heated vacuum desiccator at 65°c. The ir 
(KBr pellet) was not definitive. A sample sent for elemental 
analysis revealed 7.53% Br and 4.47% phosphorus by weight. On 
the basis of the 4.03 meq Cl/g starting polymer and the final 
analysis of 4.47% phosphorus, the percent substitution of the 
original chlorine is 53.6%. 
Reactions of Scheme II-B . Soluble PTC. 
a) Reaction of triethyl methanetricarboxylate with benzyl chloride. 4 
In a 250 ml three-neck RBF equipped with reflux condenser, 
a mixture of 12.5 g (0.05 mol) of the tricarboxylate in 50 ml of 
acetone was cooled with an ice bath. While stirri~g, 1.3 g (0.056 
mol) of metallic sodium was added slowly and in small portions. The 
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mixture was then refluxed for 0.5 hr until all the sodium had 
dissolved and the mixture was homogeneous. A pressure-equalized 
dripping funnel, containing 6.9 g (0.054 mol) of benzyl chloride 
in 10 ml of acetone was fitted to the RBF along with a thermometer. 
The reaction flask was heated to reflux, the benzyl chloride 
added dropwise and refluxing continued for 107 hr. The acetone 
was removed by vacuum evaporation and the remaining mixture was 
diluted with 50 ml of deionized H20 and then extracted with ethyl 
ether (7 x 50 ml). The ether extracts were combined and washed 
with H2o (6 x 25 ml) and then dried overnight with anhydrous CaC1 2. 
The crude product was obtained after vacuum evaporation of the ether 
and further purified by vacuum distillation. The product distilled 
at 12o0c and 0.5 mm Hg. Their (thin film) indicated the C=O 
stretch at 1735 cm- 1 and the C-0 stretch at 1200 cm~l. NMR: (cc1 4) 
o 1.17 (t, J=7Hz, 9H), 3".48 (s, 2H), 4.15 (q, J=7Hz, 6H), 7.22 (s,5H). 
b) Reduction of soluble triethyl benzylmethanetricarboxylate to 
the trialcohol. 
Lithium aluminum hydride (2.47 g, 0.065 mol) and 100 ml of 
THF were added to a 250 ml three-neck RBF equipped with a mechanical 
stirrer, Freidrich condenser/CaC1 2 drying tube, and a 125 ml drop-
ping funnel. The reaction mixture was stirred as 14.0 g (0.0435 
· mol) of the tricarboxylate in 50 ml of THF were added dropwise. 
Heat was applied during the addition to provide low reflux. After 
the addition was complete, the mixture was stirred at reflux for 
44 hr. The reaction mixture was cooled to room temperature, 25 ml 
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of H20 and 15 ml of ethyl ether were added dropwise and stirring was 
continued for 5 hr. An additional 15 ml of ethyl ether were then 
added, followed by 25 ml of a saturated aqueous solution of sodium 
potassium tartrate. After 1.0 hr of stirring, the reaction mixture 
was filtered through a Buchner funnel into a 250 ml separatory 
funnel. Two organic layers coalesced when washed with 7 x 50 ml 
of a saturated aqueous NaCl solution. The organic layer was 
collected, dried over anhydrous sodium sulfate for 24 hr and the 
ether/THF was removed by flash evaporation. Vacuum distillation 
at 130°c and 3.5 mm Hg yielded 0.79 g of yellow liquid product for 
a 5 3% yield. The ir (thin film) indicated the disappearance of the 
C=O stretch at 1735 -1 and the appearance of a strong o~ stretch cm 
at 3400 cm -1 NMR: (neat) 0 1.43 (s, 3H), 3.30 (s, 6H), 3.93 
(s, 2H), 7.17 (s, SH). 
c) Bromination of the soluble trialcohol. 
Benzyltrialcohol (1.33 g, 0.00679 mol) in 10 ml of THF \vas 
cooled to o0c in a 50 ml single-neck RBF equipped with a magnetic 
stirrer, thermometer, and 125 ml dropping funnel. The temperature 
was maintained at s0c as 5.5 g (0.0237 mol) of PBr~ in 5 ml· of 
..., 
THF were added dropwise. As stirring continued, the mixture was 
heated to reflux for 96 hr. After cooling the reaction mixture to 
room temperature, the excess PBr3 was neutralized with 2.0 ml of 
methanol. The product mixture was poured into 300 ml of an ice 
water slurry. The organic layer was separated and extracted with 
3 x 100 ml of ethyl ether. The combined ether extracts were dried 
over anhydrous sodium sulfate and the ether removed by flash 
evaporation . After vacuum distillation, l .5 g of the yellow liquid 
product remained in the distillation flask giving a 57% yield. The 
ir (thin film) indicated the disappearance of the 0-fi stretch at 
3400 cm-l and the appearance of the strong CH 2 wagging band was 
observed for the CH 2Br group at 1270 cm-l. NMR : o 3.26 (s, 6H), 
3.80 (s, 2H), 7.17 (s, 5H). 
d) Conversion of the soluble tribromide to the quaternary 
phosphonium salt. 
In a 100 ml RBF equipped with a magnetic stirrer, thermometer, 
and reflux condenser, 1 .5 g (0.0039 mol) of the tribromide were 
reacted with 2.5 g (0.0124 mol) of tri-n-butylphosphine at 70°c 
for 96 hr. The reaction mixture was placed on the Kugelrohr and 
the excess tri-n-butylphosphine removed at 160°C and 10 mm Hg 
to yield 3.27 g of heavy oil product (84% yield). Their (thin 
film) indicated the appearance of P-CH 2 scissoring absorption at 
1410 cm-l. NMR: (DMSO/CDC1 3) o 0.93 (t, J=6Hz, 27H), 1.88 
(m, 36H), 2.30 (m, 20H), 3.66 (s, 6H), 7.40 (s, 5H). 
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Reactions of Scheme II-C. Synthesis of soluble polymer-bound 
diamine intermediate. 
a) Copolymerization of styrene and chloromethylatedstyrene to fonn 
the soluble polymer support CE). 
The following reaction was conducted under a blanket of nitrogen. 
Ten g (72 meq) of chloromethylatedstyrene and 10.4 g (100 meq) of 
styrene were added a a 100 ml RBF containing 20 ml of toluene. A 
stream of nitrogen gas was bubbled through the mixture while stirring 
for 1 hr. The temperature was then raised to B0°c and 0.25 g of free 
radical initiator 2,2'-azobis-2 -methyl propionitrile were added. The 
heating and stirring was continued for 24 hr, followed by 24 hr of 
stirring at room temperature. The reaction mixture was then poured 
into a 250 ml dropping funnel containing 50 ml of methylene chloride 
and dripped slowly into a beaker containing 1.2 t of rapidly stirring 
100% ethanol. The polymer precipitated and was collected over a 
medium fritted glass filter. A reprecipitation was conducted as 
above after redissolving the first precipitate in methylene chloride. 
The collected polymer was vacuum dried at 40°c and 20 mm Hg overnight. 
The dried polymer was a white granular solid weighing 18.7 g. Ele-
mental analysis for chlorine indicated the chloromethylstyrene/styrene 
ratio was 1.37 or an m/n ratio of 1.37. 
b) Conversion to the iodomethyl qroup by KI/PhMe-acetone. 
In a 250 ml RBF equipped with a reflux condenser, drying tube, 
and magnetic stirrer, 6.0 g of the soluble chloromethylated polymer, 
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dissolved in 50 ml of toluene, were reacted with excess potassium 
iodide suspended in 75 ml of acetone. The reaction mixture was 
then stirred at reflux for two days. After cooling, the reaction 
mixture was added dropwise to one liter of rapidly stirring 100% 
ethanol. The polymer precipitate was collected over filter paper 
and reprecipitated as above from toluene. The collected polymer was 
dried overnight at 40°c and 30 rrrn Hg. The ir (KBr pellet) indicated 
the presence of a strong C-I absorption at 1150 cm-l. 
c) Synthesis of soluble polymer dinitr ile. 
In a 250 ml RBF, 6.0 g of the soluble polymer iodide was dissolved 
in 150 ml of dry toluene. In a 150 ml Erlenmeyer flask, 1.60 g (0.024 
mol) of malononitrile were diluted with 75 ml of dry DMSO and 0.59 g 
(0.024 mol) of NaH was added slowly. Some gas evolution was noted. 
The contents of the Erlenmeyer flask were stirred for 24 hr, added 
slowly to the 250 ml RBF and then stirred overnight. The product 
solution was added dropwise to one liter of rapidly stirring 95% 
ethanol. Polymer product precipitated as a white granular solid 
and was collected over filter paper. After drying overnight at 50°C 
and 20 mm Hg, the ir (KBr pellet) showed a strong nitrile absorption 
-1 
at 2180 cm . 
d) Reduction of the soluble polymer-bound dinitrile to the 
intermediate diamine. 
A solution of 4.41 g of polymer-bound dinitrile in 100 ml of dry 
THF was added to a 250 ml RBF equipped with a reflux condenser, CaC1 2 
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moisture trap. Under a blanket of nitrogen, 75 ml of (1 M) BH 3·THF 
were added slowly with a syringe. Gas evolution was noted. After 
heating at reflux for 96 hr, the reaction mixture was cooled and then 
quenched by dropwise addition of 10 ml of methanol. Gas evolution was 
noted. The reaction mixture was reduced to a volume of 50 ml by flash 
evaporation and then added dropwise to 1 .2 liters of rapidly stirring 
95% ethanol. The white granular solid was collected and dried over a 
two day period at 40°c and 20 mm Hg in a desiccator. The ir (KBr pel-
let) indicated the appearance of an N-H stretch at 3320 cm- 1 and the 
disappearance of the nitrile absorption at 2180 cm -1 
S nthesis of soluble and insoluble 
PTC 1 s. 
a) The insoluble diamine (II -3). 
In a 250 ml RBF equipped with a condenser/CaC1 2 moisture trap, 
5.51 g of the polymer diamine containing 8.01 % hydrogen were combined 
with 8 ml of N,N-dicyclohexal-N-methylamine (excess) and 40 ml of 
n-bromobutane (excess). After stirring at 80°c for 48 hr, the reaction 
mixture was cooled, filtered through a coarse fritted glass filter 
and washed with 200 ml of H2o and 100 ml of 95% ethanol. The polymer 
was then extracted with methylene chloride in a Soxhlet extractor 
overnight. The extracted polymer product was dried at 50°C and 3 11111 
Hg for 48 hr. The ir (KBr pellet) indicated no N-H stretch absorp-
1 -1 1 tion at 3320 cm- or N-H bend absorption at 1600 cm . Elementa 
analysis gave 16.63% bromine. 
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b) The soluble diamine (II-5). 
In a 250 ml RBF equipped with a reflux condenser/Cac1 2 moisture 
trap, 3.98 g of the soluble diamine intermediate were dissolved in 
75 ml of toluene. To this solution, 10 ml of N,N-dicyclohexal-N-
methylamine and 40 ml of n-bromobutane were added (both in excess). 
After stirring at 80°C for 55 hr, the reaction mixture was reduced 
to a volume of 100 ml by flash evaporation. The reaction mixture 
was poured dropwise into 1.2 liters of rapidly stirring 95% ethanol 
to precipitate the polymer. A white, granular solid polymer precipi-
tate was collected over filter paper and dried at 50°C/3 mm Hg for 
48 hr. The ir (KBr pellet) indicated reductions in the N-H stretching 
absorption at 3320 cm-l and in the N-H bend at 1600 cm-l. Elemental 
analysis for bromine was used to calculate a 13% conversion of the 
possible catalytic sites to the quaternary ammonium salt. 
Phase transfer test reactions · (Equation · [6]). 
General procedure for . the nucleophilic substitution reaction. of 
an aqueous phase nucleophile and an orqanic phase substrate. 
For the phenoxide and thiophenoxide nucleophiles, the nucleophile 
was generated in an aqueous solution by adding phenol or thiophenol to 
an aqueous sodium hydroxide solution in a RBF. The cyanide nucleo-
phile was prepared by dissolving potassium cyanide in water. The 
· 1-bromobutane and PTC were then added to the aqueous solution. The 
reaction mixture was stirred rapidly at ll0°c for two hr. After the 
reaction mixture was cooled to room temperature, 25 ml of ether were 
added i h stirring. e nso ' 'e p 's ere 
by ex rac ing he reac 'On x e e e 
phase o er sodium s fa e, 
and dis ·1 ing the roduc . r a se c a 
e prod c s . 
PART II 
RESULTS 
Table 3 lists the catalysts synthesized and several of their 
characteristics. The percent conversion of the ini tial chloromethyl 
sites to phase transfer catalytic sites i s based on elemental 
analysis. The activities are based on a relative comp arison with 
test results from other sources. 20 
Table 3 
Experimental data for nucleophilic PTC t es t react ions 
Catalyst Type of Physical % Ini t i al Activity 
quaternary salt characteristics site s converted 
II-1 
II-2 
I I-3 
II-4 
phosphonium 
phosphonium 
ammonium 
ammonium 
*Estimated from ir data. 
insoluble 
polymer-bound 
soluble 
insoluble 
polymer-bound 
soluble 
polymer-bound 
53% low 
10%* 1 ow 
86% medium 
13% low 
Catalyst II-1 had a high conversion t o the quaternary salt; 
however, the low activity can probably be attributed to steric 
hindrance between the cata lytic sites. Cat alyst II-2 suffers from 
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the same probl em. The crowdi ng is eliminated in Catalyst II-3 to 
some extent which is i nd icated by its higher activity. The low 
activity of Catalyst II-5 is caused by the low number of catalytic 
sites on the polymer support. Rel at ive to existing catalysts with 
monopendent onium salt catalytic si tes and other di- and tri-site 
catalysts where the quaternary sites are f arther removed, the 
catalysts of this study are of low activ i ty . 
PART II 
RECOMf1ENDA TIO NS 
It is suggested that the same general configuration catalysts, 
di- and tri-site, be synthesized where the quaternary sites are 
extended away from their common attachment point by a minimum of 
six carbon chain. This would separate the bulky catalytic sites 
and prevent the steric problem. 
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PART . III 
SYNTHESIS OF POTENTIAL HERBICIDES 
INTRODUCTION 
Recently Gupton, Idoux, et al . 22 synthesized ortho and 
para-2,2,2-trifluoroethoxybenzonitrile. Then-butyl and ethyl 
quaternary ammonium salt derivatives of these compounds were desired 
for testing as possible herbicides. The purpose of this part of the 
study was to synthesize the four quaternary salts and forward them 
to Dow Chemical Company for testing. 
Scheme III-A, typical n-butyl synthesis, and Scheme III-B, 
typical ethyl synthesis, outline the reaction sequences completed 
for both ortho and para derivatives. Reduction of the nitrile 
group to the amine was accomplished with BH3 ·THF for both forms of 
the starting compounds. The ethyl quats were then synthesized in 
one step with ethyl iodide in DMF at room temperature using 
N,N-dicyclohexylmethylamine as a trapping base. However, the 
quaternization to the butyl derivatives required a two step process. 
First, the ortho and para amines were reacted with 1-bromobutane 
under the same conditions as the ethyl reactions. This yielded 
the trisubstituted amines which were isolated. Second, the 
trisubstituted amines were reacted with 1-bromobutane in refluxing 
DMF. 
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a) 
~-NH, 
b) DMF 
c) 
DMF )Ill 
6 
Scheme III-A. Typical n-butyl quaternary salt synthesis. 
a) (I) DMF 
Scheme III-B. Typical ethyl quaternary salt synthesis. 
PART . III 
EXPERIMENTAL 
The start ing compounds, ortho and para-2,2,2-trifluoroethoxy 
benzonitrile, were synthesized as reported previously. 22 All 
reagents were obta i ned commercially and dried before use. 
Reactions of Scheme I II -A. 
The following procedures are typical of those used for both 
ortho and para compounds . 
a) Para-2,2,2- trifl uoroethoxybenzylamine 23 
The following reaction was conducted under a nitrogen atmosphere. 
In a 250 ml, three -neck RBF equipped with reflux condenser/drying 
tube thermometer, and a 125 ml dropping funnel, 6.1 g (0.03 mol) 
of para-2,2,2-trifluoroethoxy benzonitrile were dissolved in 50 ml 
of THF . Through the dropp ing funnel 60 ml (0.06.0 mol) of (1 M) 
BH 3·THF were added dropwise to the reaction flask while stirring. 
The mixture was heated to reflux for 134 hr, cooled to o0c, 15 ml 
of concentrated HC l were slowly added to the reaction mixture, and 
the sol vent and any excess HCl removed by flash evaporation. A 
white sa l t (a red-brown in the ortho reaction) remained in the 
f l ask . The salt was transferred to a 150 ml Erlenmeyer flask with 
40 ml H20. The mixture was stirred and cooled while NaOH pellets 
were added over several hours. The combined ether extracts were 
dried over anhydrous sodium sulfate and the ether removed by flash 
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evaporation. A short-path vacuum distillation of the residue 
yielded 4.45 g (72% yield) of a clear liquid (the ortho product 
was also a clear liquid) with bp 93°c at 2.6 mm Hg. NMR: (neat) 
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o 1. 38 (s, 2H), 3.59 (s, 2H), 4.23 (q, J=9 Hz, 2H), 6.80 (d, J=lO Hz, 
2 H), 7.18 (d ,J=lO Hz, 2H). The ortho product distilled at 80°c; 
2.4 mm Hg gave a 74% yield. NMR : (neat) o 1 .33 (s, 2H), 3.68 (s, 
2H), 4.1 8 (q, J=8Hz, 2H), 6.50-7.33 (m, 4H). 
b) Di-n-butyl para -2,2,2-trifluoroethoxybenzylamine. 18 
(para, butyl compounds). 
In a 50 ml Erlenmeyer flask, 5.16 g (0.0376 mol) of 1-bromo-
butane were added to a stirred solution containing 1.54 (0.0075 mol) 
of para-2,2,2-trifluoroethoxybenzylamine and 2.49 g (0.015 mol) 
of , -dicyclohexylmethylamine in 5 ml of DMF. The reaction flask 
was stoppered and allowed to stand for 3 days. A white semi-solid 
formed. The reaction mixture was taken up in acetone, transferred 
to a 50 ml RBF, and placed in the freezer to precipitate the trap-
ping base hydrobromide. After standing overnight, the liquid was 
decanted into another 50 ml RBF with the white solid trapping base 
remaining. The acetone solvent was then removed from the decanted 
liquid by flash evaporation. The remaining liquid-solid mixture 
was again taken up in acetone; and the freezing, decanting, and 
· flash evaporation steps repeated until all the white solid trapping 
base was removed. The final product was a heavy orange oil (both 
ortho and para). The para product yield was 53%. NMR: (neat) 
c 0.83 (t, J=6 Hz, 6H), 1.03-1.66 (m, 8H), 2.37 (t, J=6 Hz, 4H), 
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3.4 (s, 2H), 4. 27 (q, J=8Hz, 2H), 6.83 (d, J=8Hz, 2H), 7.27 (d, J=8Hz, 
2H). The ortho prod uct yi eld was 47%. NMR: (neat) o 0.83 (t, J=6Hz, 
6H), 1.01-1.60 (m, 8H), 2.40 (t , J=6Hz, 4H), 3.57 (s, 2H), 4.13 (q, 
J=8Hz, 2H), 6.50-7.67 (m , 4H) . 
c) Tri-n-butyl quaternary sa l t s . 
The following reacti on was conducted under a nitrogen atmosphere. 
In a 100 ml RBF equipped with a reflux condenser/drying tube, 1.5 g 
(0.011 mol) of 1- bromobutane (3- fo l d excess) in 50 ml of DMF were 
reacted with 1. 1 g (0.0034 mol) of t he te r tiary amine. The mixture 
was refluxed for 67 hr, solvent and unreacted 1-bromobutane removed 
on the Kugelrohr at 90°C/3 mm Hg, the crude product taken up in 60 ml 
of chloroform and the solution extrac ted with 4 x 30 ml of H20. After 0 
drying of 4A molecular sieves, the solven t s were removed on the Kugel-
rohr. The para product yield was 71%. NMR : (neat) o 0.66-1.66 (m, 
21H), 3.43 (s, 2H), 4.15 (q, J=8Hz, 2H), 6.78 (d, J=9Hz, 2H). The 
ortho product yield was 47%. NMR: (CDC13) o 0.66-1.83 (m, 21H), 2.73 
(t J=8Hz, 6H), 2.57 (s, 2H), 4.13 (q, J=8Hz, 2H), 6.50-7.66 (m, 4H). 
Reaction of Scheme III - B. Tri-ethyl quaternary salts. 
In a 50 ml Erlenmeyer fl ask, 7. 77 g (0.05 mol) of ethyliodide 
were added to a stirred soluti on containing 2.0 g (0.0099 mol) of 
para-2,2,2-trifluoroethoxybenzylamine and 3.88 g (0.0199 mol) of 
· N,N-dicyclohexylmethylamine in 10 ml of DMF. The reaction flask 
was stoppered and al l owed t o stand for 3 days. Any solvent and 
unreacted ethyli odide were removed on the Kugelrohr and the crude 
product was tra nsfer red to a 150 ml Erlenmeyer flask with 60 ml 
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of ethylacetate. White trapping base hydroiodide precipitated out of 
this solution as the mixture was stirred. The liquid was filtered 
through a fine fritted glass filter and the filtrate was flash 
evaporated. However, more trapping base precipitated out of the 
filtrate at this point. To provide for the separation of product 
from trapping base, the following steps were repeated until the 
desired purity was obtained. The product mixture was transferred 
to a 50 ml RBF with 25 ml of ethylacetate and placed in the freezer 
to aid in precipitating the trapping base salt. The liquid portion 
was decanted into a clean 50 ml RBF and the solid trapping base 
discarded . Flash evaporation removed the solvents from the liquid 
portion and the product was inspected for solid precipitate. The 
above steps were repeated as needed. The final product was a heavy 
brown oil. The yield of the para product was 53%. NMR: (CDC1 3) 
o 1 .37 (t, J=6Hz, 9H), 3.27 (q, J=6Hz, 6H), 4.96 (s, 2H), 4.90 
(q, J=9Hz, 2H), 7. 23 (d, J=8Hz, 2H), 7.66 (d, J=8Hz, 2H). The 
ortho product, also a heavy brown oil, gave 14.2% yield. NMR: 
(acetone) o 1 .53 (t, J-6Hz, 9H), 3.33 (q, J=6Hz, 6H), 4.72 (s, 2H), 
5.03 (q, J=8Hz, 2H), 7.00-8.20 (m 4H). 
PART III 
RESULTS 
The synthesis of the ethyl quaternary ammonium salts was 
straightforward, however, the butyl salts required an additional 
reaction (Scheme III -A, step c) under more rigorous conditions 
(heat) to produce the quaternary salt. The increase in steric 
hindrance from the longer n-butyl chains in the intermediate tri-
substituted amine caused a decrease in reactivity of the amine. 
Increasing the temperature compensated for this problem. The use 
of the trapping base allowed the formation of the quaternary salts 
and avoided the formation of undesirable hydrohalide salt. Two 
trapping bases were tried; N,N -dicyclohexyl-N-methylamine and 
tri-n-butylamine. The tri-n-butylamine would not completely trap 
all the hydrohalide when tried in the reaction system. However, 
the N,N-dicyclohexylamine trapped all the hydrohalide. Removal of 
the trapping base was easily accomplished with water washes of the 
product-containing organic layer. 
The four quaternary ammonium salts synthesized were sent to 
Dow Chemical Company for herbicide activity testing. 
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